ABSTRACT Genetic variances and covariances were estimated by multiple-trait, derivative-free restricted maximum likelihood (DFREML) using an animal model for tibial dyschondroplasia (TD) expression and body weight at 4 and 7 wk of age. Data were collected from 7,483 broiler progeny obtained from 421 sires and 977 dams as part of a seven-generation selection experiment for high, and low TD expression, along with a randomly selected control line. Heritability estimates for TD expression and body weight at 7 wk were 0.42 and 0.50, respectively, larger than the corresponding estimates of 0.37 and 0.42 at 4 wk of age. Genetic correlations of TD
INTRODUCTION
Tibial dyschondroplasia (TD) is a genetic leg defect in broilers Nesheim, 1965, 1972; Riddell, 1976; Sheridan et al., 1978; Burton et al., 1981; Wong-Valle et ah, 1993a) . Based on hierarchial analyses of variance, Sheridan et al. (1978) reported heritability estimates in a line of broilers selected for a high incidence of TD expression at 7 wk of age of 0.33 and 0.22 in the third and fourth generations, respectively. Burton et al. (1981) reported a heritability for expression of TD at 7 wk of age of 0.26 based on hierarchial analyses of variance of 1,000 broilers from a parental line. However, the relationship between TD expression with body weight is less clear. Kiiskinen and Andersson (1982) , in a comparison of two broiler strains, observed a higher incidence of TD in the faster-growing line. Riddell and Pass (1987) noted a greater incidence of TD at 4 and 7 wk of age in the lighter-weight group of broilers. Cook et al. (1984) concluded that the severity of leg problems was independent of body weight. Later studies by WongValle et al. (1993b) reached the same conclusion. In a four-generation selection study, broilers from two lines were selected for either high and low frequency of TD expression at 7 wk. A randomly selected control line Received for publication October 10, 1995. Accepted for publication March 21, 1996 . Alabama Agricultural Experiment Station Publication Number 14-954948.
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Tb whom correspondence should be addressed. expression or body weight at 4 wk with the same trait at 7 wk were greater than 0.80. Corresponding phenotypic correlations were 0.54 and 0.75 for TD incidence and body weight, respectively. Genetic correlations, however, of TD expression at either age with body weight at either age ranged from -0.01 to 0.10. Phenotypic correlations between the TD and body weight traits were of similar magnitude. TD expression and body weight at 4 and 7 wk of age, based on these data, are genetically and phenotypically independent traits.
1996 Poultry Science 75:959-961 was also maintained. The authors observed nonsignificant changes in weights among the lines. The objective of the present study was to obtain genetic variances and covariances among body weights and TD expression at 4 and 7 wk of age using a multiple-trait derivative-free restricted maximum likelihood procedure and an animal model, and determine the genetic relationships between TD expression and body weight in broilers.
MATERIALS AND METHODS

Source of Data
A selection experiment conducted at Auburn University was initiated in 1988 with a base population of 200 male and 200 female primary broiler breeders from a male-line strain obtained from a commercial breeder. Complete management and selection procedures have been described by Wong-Valle et al. (1993a) . Briefly, three lines were developed: a line selected for high incidence of TD at 7 wk of age (H), a line for low incidence of TD at 7 wk of age (L), and a randomly selected control line (C). Selection occurred over seven generations. For the base generation, one-half of the birds of each sex were provided ad libitum access to a broiler diet (23% CP and 3,200 kcal of ME/kg) from 0 to 6 wk of age and a developer diet (18% CP and 2,900 kcal of ME/kg). The remaining birds were provided ad libitum access to developer diet from 0 to 3 wk of age, and were fed on a restricted basis afterwards according to breeder recommendations. Only birds from the first dietary regimen developed TD; those in the second feeding regimen did not. Because of the wide disparity in weights as a result of the feeding regimens and lack of TD expression in the second feeding regimen, data from the base generation were excluded from the present analyses.
To produce Generation 1 offspring, 15 sires and 58 dams were selected for each of the H and L lines, and 10 sires and 50 dams were randomly selected for the C line from the base population. In subsequent generations, the intent was to select 15 sires and 60 dams to produce the next generation offspring for each line. For all three lines, selection of sires occurred within sire families. In each generation of the selected lines, sires were not selected from the one or two sire families that were most inferior with regard to TD incidence at 7 wk of age. This action eliminated the less desirable sire families and gave rise to more desirable families of progeny.
Expression of TD was determined in the left and right proximal tibiotarsus at 4 and 7 wk of age by using lowintensity x-ray imaging (Bartels et al, 1989) . Unaffected birds were assigned a TD score of 0 and those with cartilage accumulation in either or both of the proximal tibiotarsal bones were assigned a score of 1.
Chicks were wing-banded at hatching and raised in floor pens to 7 wk of age with lines intermingled. In all generations, starting with the first generation, chicks consumed feed ad libitum up to 7 wk of age and then feed was restricted according to breeder recommendations for a given age. A starter broiler diet was provided from 0 to 3 wk (23% CP and 3,200 kcal of ME/kg) and a grower broiler diet from 3 to 7 wk of age (20% CP and 3,200 kcal of ME/kg).
Statistical Analyses
A four-trait derivative-free restricted maximum likelihood (DFREML) algorithm with an animal model and full inverse numerator relationship matrix was used in the analyses (Boldman et al, 1993) to obtain the genetic variance and covariance estimates. The four traits studied were TD expression at 4 and 7 wk of age, and body weights at 4 and 7 wk of age. Data from 7,483 broilers, sired by 421 sires, and out of 977 dams, were used in the analyses. The general form of the multivariate animal model is as follows:
where y; = is a vector of records for trait i, for i = 1 to 4; bj = is a vector of fixed generation and sex effects for trait i, for i = 1 to 4; Uj = a vector of random genetic bird effects for trait i, for i = 1 to 4; ej = a vector of residual effects of trait i, for i = 1 to 4; and X,, Z; = incidence matrices associating elements of bj and u; with records in yj, for i = 1 to 4. Preliminary analyses indicated random genetic maternal effects were close to zero. Therefore, these effects were not included in the model for the final analyses. Convergence was obtained when the variance of the simplex function was 1E-9. Several restarts of the program, utilizing the most recent estimates of the variance components for priors, were performed to help ensure convergence was at the global maximum of the likelihood function. Standard errors of the heritability estimates were approximated according to Falconer (1981) . Standard errors of genetic correlations were calculated according to Robertson (1959) .
RESULTS
Frequencies of TD expression were 93, 4, and 24%, in the H, L, and C lines, respectively, in Generation 7. The frequency in TD expression in the base generation was 11% (Wong-Valle, et al., 1993a) . Frequency of TD expression was 10% lower in female broilers than male broilers.
Heritability estimates for TD expression and body weight at 7 wk were 0.42 and 0.50, respectively, and larger than corresponding estimates of 0.37 and 0.43 at 4 wk of age (Table 1) . Phenotypic and genetic weight variances at 7 wk were larger than those found at 4 wk.
Genetic correlations of TD or weight at 4 wk with the same trait at 7 wk were greater than 0.80 (Table 2) . Phenotypic correlations were 0.54 and 0.75 for TD = tibial dischondroplasia expression at 4 wk of age; WT4 = body weight at 4 wk of age; TD7 = tibial dischondroplasia expression at 7 wk of age; WT4 = body weight at 7 wk of age. expression and weight, respectively. Genetic correlations, however, of TD expression at either age with body weight at either age ranged in value from -0.01 to 0.10. Phenotypic correlations between TD and weight traits were similar in magnitude.
DISCUSSION
Genetic variances and covariances among TD expression and weight at 4 and 7 wk of age were calculated using a multiple-trait, DFREML procedure. This procedure considers genetic relationships between birds and accounts for selection in the population. Results obtained for genetic correlations between TD expression and weight agree with conclusions reached by WongValle et al. (1993b) , who, in their four-generation selection experiment for TD expression at 7 wk of age, did not observe significant changes in the weights of the birds. However, estimates obtained in the present study do not agree with the work of Burton et al. (1981) , who reported a -0.18 genetic correlation at 7 wk of age between body weight and expression of TD. Difference in populations, and the frequency of TD expression, a binomial trait, may explain, in part, differences in the results of the two studies.
The REML procedures estimate genetic variances and covariances at initiation of a selection study and take into consideration changes due to selection or genetic drift that may have taken place. In the present study, data collected from the base generation were excluded from the data set as a result of feeding treatments imposed. However, parents of the first generation birds were included in the pedigree of the mixed model analyses. As a result, genetic variances and covariances estimated from these data represent those existing in the base generation (van der Werf and de Boer, 1990) .
